Objective: To characterize the 90-day risk of hospitalization with pneumonia among patients treated with different antihypertensive drug classes.
Introduction
Community-acquired pneumonia (CAP) is commonly encountered in clinical practice and its incidence increases with age [1, 2] . It is the eighth leading cause of death in Canada and the United States and the leading cause of infection-related hospitalization [3] . Following hospitalization for pneumonia, 30-day mortality rates have been reported as high as 23% [3] . This significant clinical burden has prompted attempts to identify strategies that may reduce the incidence of CAP. Specifically, there is a growing body of literature demonstrating a reduced incidence of pneumonia in patients treated with angiotensin converting enzyme (ACE) inhibitors [4] [5] [6] [7] [8] . While not fully understood, the proposed mechanism by which ACE inhibitors may protect against pneumonia is related to improvement in both cough and swallowing reflexes, an effect thought to be mediated through increased levels of substance P and bradykinins [9] [10] [11] [12] [13] [14] .
Recently, a meta-analysis of randomized and non-randomized studies demonstrated a reduced risk of pneumonia in ACE inhibitor users [6] . No benefit was seen with ARBs, which is consistent with the proposed mechanism, as this class of medication does not affect substance P and bradykinin levels [15] . However, rather interestingly, there was a trend towards a reduced risk of pneumonia with ARBs when only randomized trials were considered (odds ratio (OR) for pneumonia 0.9, 95% confidence interval (CI) 0.79 to 1.01).
Given these heterogeneous results, we conducted the current study to characterize the 90-day risk for hospitalization with pneumonia in a large population of older adults initiated on ACE inhibitors, ARBs, beta blockers (BB) or thiazides in a routine outpatient care setting. We compared these patients to a similar group of older adults prescribed a calcium-channel blocker (CCB). We hypothesized that a reduction in the incidence of pneumonia would be seen with both ACE inhibitors and ARBs when compared to the CCBs, but no benefit would be seen with thiazides or BBs.
Methods

Ethics
We conducted this study according to a prespecified protocol that was approved by the Research Ethics Board at Sunnybrook Health Sciences Centre (Toronto, Ontario, Canada).
Study Design and Setting
We conducted a population-based retrospective cohort study using health administrative data from Ontario, Canada. Ontario is Canada's most populous province with approximately 13 million residents who receive universal access to hospital and physician services (Statistics Canada). Ontario's 1.8 million residents over the age of 65 years also receive prescription drug coverage.
Data Sources
We used five linked databases housed at the Institute for Clinical Evaluative Sciences to conduct this study. We ascertained vital statistics from the Registered Persons Database (RPDB). The RPDB records the demographic information for people issued a provincial health card. We used the Ontario Drug Benefits (ODB) database to ascertain prescription drug exposure, including the independent variables and drug-related baseline characteristics. The ODB records prescription drug use for patients over the age of 65 years (a universal benefit) and has an error rate of ,1% [16] . We identified admissions to hospital and baseline characteristics using the Canadian Institute for Health Information Discharge Abstract Database (CIHI-DAD). The CIHI-DAD records hospital admissions and related diagnostic and procedural information. For similar information relating to emergency department admissions, we used the National Ambulatory Care Reporting System (NACRS) database. We used the Ontario Health Insurance Plan (OHIP) database to ascertain information relating to physician services.
Patients
We restricted enrollment to patients over the age of 65 years who, between June 1, 2003 and December 31, 2011, filled a prescription for any of five drug classes: ACE inhibitor, ARB, CCB, BB or thiazide. We chose to use a new user design with 90 day outcomes in order to reduce the incidence of intervening health events that may have biased patient outcome. We excluded all individuals who, in the prior 180 days, were taking any type of anti-hypertensive, diuretic or anti-arrhythmic. In order to compare mutually exclusive groups, we excluded patients who had filled a prescription for more than one study drug class on the day the new prescription was filled. To help further limit confounding by indication, we excluded any conditions that may dictate use of one study drug over the other. These exclusions were baseline evidence of coronary artery disease or congestive heart failure or chronic kidney disease. All comorbidities were assessed in the five years preceding the qualifying prescription, except for chronic kidney disease (one year). Finally, to further reduce the risk of recent health events influencing prescription choice we excluded patients who were admitted to hospital in the 90 days preceding the qualifying prescription date, or visited an emergency department in the 30 days preceding the qualifying prescription date.
Outcomes
All outcomes were assessed in the 90 days after initiation of one of the study drugs (ACE inhibitor, ARB, BB, thiazide or CCB). We chose 90 day outcomes for two reasons. First, the short duration of follow-up was felt to help mitigate against the risk of contamination (such as crossing-over from one study drug class to another or adding in a different study drug). Second, prescriptions covered by the provincial drug plan are prescribed at no more than 100-day intervals. We assessed the rates of contamination directly by looking at how many patients in each study group received an alternate study drug during follow-up.
Primary outcome: Admission to hospital with pneumonia. We defined the primary outcome of hospital admission with pneumonia as any admission with a J12-J18 or P23 International Classification of Diseases, 10 th revision (ICD-10) diagnostic code in any of the CIHI-DAD's diagnostic fields. In patients greater than 65 years of age who are in a hospitalized setting, similar codes have been shown to be extremely accurate in identifying cases of pneumonia (sensitivity and specificity about 98% and 97%, respectively).
In a sensitivity analysis, we restricted our primary outcome to patients whose primary reason for admission was pneumonia. We achieved this by using one of the aforementioned diagnostic codes, but restricting to the ''admitdx'' field only in the CIHI-DAD.
Sub-group analysis: Diabetes. Given the increased risk of pneumonia with diabetes and the possibility that these patients would not be equally distributed among the groups, we performed a sub-group analysis of patients with and without diabetes. We assessed for any effect modification of diabetes on the association of anti-hypertensive medication type and our primary outcome. Diabetics were identified as any patient who filled a prescription for a medication used to treat diabetes (insulin or oral hypoglycemic) in the 180 days preceding the qualifying prescription.
Tracer Outcome: Hospitalization with cholecystitis. We tested the specificity of our findings by determining each group's risk of cholecystitis, an outcome we did not expect to be influenced by the choice of anti-hypertensive medication. We defined cholecystitis as any admission 90 days following the prescription date with the ICD-10 diagnosis code K8000, K8001, K8010, K8011, K8040, K8041, K81 found in any of the CIHI-DAD's diagnostic fields. We also used provider claim diagnosis codes 574 and 575 submitted by healthcare providers.
Statistical methods
We compared the prevalence of baseline characteristics between the medication groups (ACE, ARB, thiazides, BB and CCB) using standardized differences with CCB acting as the referent group. This metric describes differences between group means as a proportion of the pooled standard deviation. Larger values indicate larger differences and those greater than 10% are considered meaningful [17, 18] .
The administrative datasets at the Institute for Clinical Evaluative Sciences allowed for essentially 100% follow-up on all patients during the 90-day risk period. We used a multivariable logistic regression model to adjust for the following ten covariates selected a priori: age, sex, number of different visits to a family doctor in the one year preceding the prescription date, Charlson Co-morbidity Index Score, chronic liver disease, pneumonia, chronic lung disease (including asthma and COPD), stroke, diabetes mellitus, and dementia. Baseline characteristics were assessed in the five years preceding the qualifying prescription. We conducted all analysis with SAS 9.2 (SAS Institute Incorporated, Cary, North Carolina, USA, 2008). A two-sided P value of ,0.05 was considered statistically significant. Figure 1 shows the steps of cohort assembly. Over the study period, we identified 254 485 patients who met enrollment criteria, of whom 86 775 (34.0%) filled a prescription for an ACE inhibitor, 33 953 (13.3%) for an ARB, 34 240 (13.5%) for a CCB, 35 331 for a BB (13.9%), and 64 186 (25.2%) for a thiazide (Table 1) . Mean age was 73.4 years. Total person-years follow-up for the entire cohort was 53 916. Table 1 shows the distribution of baseline characteristics across anti-hypertensive agent groups. Of the 10 baseline characteristics analyzed, six baseline characteristics were similarly distributed across the two groups, with standardized differences less than 0.1. However, women were more likely to receive a thiazide followed by a CCB and then an ACE inhibitor. Patients receiving an ACE inhibitor or ARB were slightly younger than those receiving a thiazide or CCB. Patients on an ACE inhibitor, ARB or thiazide were more likely to have seen a family doctor three or more times in the year leading up to the prescription date. Patients receiving a BB were more likely to have been prescribed a greater number of individual drugs in the year leading up to the index. Patients with diabetes were more likely to be on an ACE inhibitor or ARB compared to a CCB, and were more likely to be on a CCB compared to a thiazide. Results of the primary outcome are presented in Table 2 . Those prescribed a CCB were used as the referent group. A total of 128 patients (0.15%) initiated on an ACE inhibitor and 43 patients (0.13%) initiated on an ARB were hospitalized with pneumonia in the subsequent 90 days. In contrast, 135 patients (0.21%) initiated on a thiazide, 112 (0.32%) of patients initiated on a BB, and 89 patients (0.26%) initiated on a CCB achieved the primary outcome. Prescription for ACE inhibitors was associated with a lower risk of hospital admission with pneumonia (adjusted OR 0.61, 95% CI0.46 to 0.81). A similar benefit was seen with ARBs (adjusted OR 0.52, 95% CI 0.36 to 0.76). In contrast, no benefit was seen with thiazides (adjusted OR 0.87, 95% CI 0.66 to 1.14) or BB (adjusted OR 1.21, 95% CI 0.91 to 1.60).
Results
In our sensitivity analysis, with a more conservative definition of pneumonia, the results were similar (table 3) . Table 4 shows the contamination rates of each study group. Contamination with another study drug occurred 15-20% of the time. Of note, Thiazides, BBs, and CCBs were most commonly contaminated by a drug from either the ACE inhibitor or ARB drug class.
Sub-group Analysis
There was no evidence that the presence or absence of diabetes modified the association between anti-hypertensive type and 90-day hospitalization with pneumonia (p-value for interaction ..08 for each medication class). In patients without diabetes mellitus, a benefit on pneumonia rates was seen with both ACE inhibitors (adjusted OR 0.67, 95% CI 0.50 to.89) and ARBs (adjusted OR 0.49, 95% CI 0.32 to 0.75). In patients with diabetes (14.3% of the cohort), the benefit was consistent for those patients on ACE inhibitors (adjusted OR 0.29, 95% CI 0.13 to 0.65). No significant benefit was seen with ARBs (adjusted OR 0.61, 95% CI 0.27 to 1.74), recognizing that the number of events was small (ARB group n = 11 and CCB (referent) group n = 8).
Tracer Outcome
Using CCB as the referent group, the risk of hospital admission for cholecystitis was not significantly different for patients on ACE inhibitors (adjusted OR 0.94, 95% CI 0.75 to 1.17), ARBs (adjusted OR 0.91, 95% CI 0.69 to 1.19), BBs (adjusted OR 1.10, 95% CI 0.84 to 1.40), or thiazides (adjusted OR 0.80, 95% CI 0.63 to 1.02).
Discussion
In this population-based cohort study, we observed adult patients who were initiated on an ACE inhibitor, ARB, BB or thiazide in the outpatient setting and compared them to patients who were started on CCBs. We followed these patients for hospitalization with pneumonia within 90 days of filling their prescription. Similar to previous studies, we observed a significant reduction in pneumonia rates in patients prescribed an ACE inhibitor. In contrast to previous studies, we found that this protective effect also extended to ARBs. No such benefit was seen when thiazides and BBs were compared to CCBs.
Our study adds to the growing body of literature surrounding ACE inhibitor use and its potential to curb the incidence of pneumonia. The magnitude of benefit for ACE inhibitors was consistent with previously published reports, and in particular, a recent meta-analysis (adjusted OR 0.61 in our study vs. adjusted OR 0.66 in the meta-analysis) [6] . Interestingly, in our study both ACE inhibitors and ARBs had a fairly robust benefit with a similar adjusted OR (0.52 with ARBs). The latter is quite intriguing given Abbreviations: SD, standard deviation; n, number; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; BB, beta blocker. 1 The standardized difference is the difference between group means expressed as a proportion of that characteristic's pooled standard deviation. It is less sensitive to sample size than hypothesis testing. Standardized differences greater than 0.1 are considered significant. 2 Comorbidities were identified using administrative codes in the five years preceding the qualifying anti-hypertensive prescription.date, chronic lung disease, stroke, dementia. doi:10.1371/journal.pone.0110165.t001 the meta-analysis described above, which failed to show a reduction in the incidence of pneumonia with ARBs. As already noted, there was a discrepancy between the randomized and the two observational studies included in the meta-analysis [20, 21] , and when only randomized studies were analyzed, there was a trend towards benefit with ARBs. There are multiple potential reasons for the discrepancy between our results and the previous observational studies assessing ARB use. Etminan et al. [19] examined patients with coronary artery disease exclusively. Further, only about three percent of the cases and controls studied were taking ACE inhibitors or ARBs. Mukamal et al. [20] analyzed patients based on the anti-hypertensive drug class for which they held the longest prescription. However, patients could be on several study drug classes. As such, the benefit of ACE inhibitor and/or ARB use may have been masked as patients taking these drugs may have also been included in the control group. Lastly, both studies failed to demonstrate a protective role for ACE Inhibitors on pneumonia related hospitalization rates. As the protective effect of ACE inhibitors have been demonstrated in multiple populations, results of these two observational studies should be assessed with caution. Likely, there are issues with study design or residual confounding that have affected these studies.
There are several reasons why we are confident in our study's findings. First, the lack of benefit with thiazides and BBs provides evidence that the benefit seen is related solely to RAS blocking agents. As already mentioned, the magnitude of benefit with both ACE inhibitors and ARBs were quite similar, and in the case of ACE inhibitors, was consistent with a recent meta-analysis. It is worth mentioning that the rates of contamination were relatively small. However, given that thiazides, CCBs and BBs were most commonly contaminated RAS blocking agents, we would expect these intervening events to bias towards the null hypothesis, further bolstering our findings. Finally, our tracer outcome of cholecystitis showed no significant signal, also suggesting that residual confounding was not exerting a strong influence on our results.
Limitations
Our study has some important limitations. As with all observational studies, the exposures we studied were not randomly assigned. While the groups were well balanced on most covariates the risk of residual confounding cannot be ruled out.
Both ACE inhibitors and ARBs reduced the incidence of pneumonia related hospitalization. The relative risk reduction for both agents was impressive, however, the absolute risk reduction and event rate were quite small. While notable, we do not feel that this negates the findings of our study given the short duration of follow-up of our study.
The population studied here was highly selected and several conditions considered to be risk factors for pneumonia were excluded. While cohort restriction is a powerful method for controlling for confounding [21] , and this helped reduce indication bias, it may have implications on the generalizability Table 3 . Association between antihypertensive use and hospital admissions for pneumonia using 'admit diagnosis' only (sensitivity analysis). of our results. However, the main comorbidities excluded in our study (i.e. patients with congestive heart failure, coronary artery disease and chronic kidney disease) leave little flexibility in the choice of anti-hypertensive medication prescribed by physicians, and RAS blockade is typically indicated. For example, in patients with congestive heart failure, existing evidence would dictate the use of RAS blocking medications to reduce morbidity and mortality. The impact of RAS blocking agents on the incidence of pneumonia is unlikely to significantly bias a prescriber's choice in such situations, given their known benefits on cardiovascular health in the heart failure population [22] . In contrast, in our selected population, where clinicians are faced with clinical equipoise, our findings may support use of RAS blocking agents over other classes of anti-hypertensives. It should be noted that while several comorbidities were excluded, a large portion of our cohort were diabetic. As diabetes is a risk factor for the development of pneumonia, and diabetic patients may preferentially be prescribed RAS blocking agents for blood pressure management, we felt that the inclusion of this group would bias towards the null hypothesis if at all. Interestingly, diabetic status did not impact the results of the primary outcome in our subgroup analysis. Finally, there is a paucity of literature surrounding the biologic rationale for a reduction in the incidence of pneumonia with both ACE inhibitors and ARBs. While benefit from ACE inhibitors has been thought to be due to increased substance p and bradykinin levels, these levels are unaffected by ARBs [15] . As such, there must be a second, mutually exclusive rationale for the benefit observed with ARBs, or, an alternative explanation for both ACE inhibitors and ARBs. One plausible explanation is a reduction in the inflammatory response seen with both ACE inhibitors and ARBs [23] [24] [25] . Specifically, by reducing the inflammatory response, ACE inhibitors and ARBs may reduce the severity of pneumonia, thereby preventing pneumonia related hospitalization. Our study did not capture the incidence of pneumonia as a whole, only those severe enough to require hospitalization. Some would argue that this is the most important outcome given its association with morbidity and mortality [3] .
Conclusions
Initiation of a medication which blocks the renin angiotensin system, compared to other anti-hypertensive medications, is associated with a small 90-day reduction in the absolute risk of hospitalization with pneumonia. The magnitude of benefit seems to be similar between both ACE inhibitors and ARBs. When faced with clinical equipoise, such as in a population similar to the one studied here, physicians may preferentially prescribe one of these medications over other anti-hypertensives to help combat the morbidity associated with pneumonia. Further studies to corroborate our findings and identify potential mechanisms for this benefit are required. Risk of Pneumonia Associated with Anti-Hypertensive Agents PLOS ONE | www.plosone.org
